Objectives-To use real-time ultrasonography to estimate the prevalence of persistent median arteries in a cohort of pediatric orthopedic patients.
Antebrachial-type persistent median arteries are much more common, with a prevalence that ranges between 70% and 76%. 7, 8 The large variability in persistent median artery prevalence reported in previous studies is likely attributable to numerous factors, such as the measurement technique, definition of a persistent median artery, as well as ancestry of the study population. In pediatric studies, the age makeup of the respective study populations is another important factor to consider. Based on observations of an increased prevalence of a persistent median artery among neonates relative to adults, there is some evidence that the median artery may continue to regress beyond embryologic life. 1, 2, 4, 9 However, persistent median artery prevalence as well as the timing of regression in pediatric populations is not well understood.
The presence of a persistent median artery has important clinical implications. Persistent median artery prevalence has been implicated in the etiology of numerous conditions such as carpal tunnel syndrome [10] [11] [12] as was well numerous other entrapment-related neuropathies. [13] [14] [15] The presence of this anatomic variant should also be considered to minimize the risk of vascular injury during surgical dissection of the distal extremity as well as during peripheral nerve block placement.
The purpose of this study was 2-fold. First, we aimed to estimate the prevalence of persistent median arteries in a cohort of pediatric patients younger than 19 years. Second, we aimed to test the relationship between the presence of a persistent median artery and age. We hypothesized that increasing age would be inversely associated with the presence of a persistent median artery.
Materials and Methods

Study Design and Procedures
A cross-sectional study design was used to estimate the prevalence of persistent median arteries in a cohort of pediatric orthopedic patients. After Institutional Review Board approval (Colorado Multiple Institutional Review Board, No. 12-0075), eligible patients were identified from the pool of pediatric patients presenting for a clinical evaluation of an orthopedic-related condition, undergoing elective or traumatic upper extremity orthopedic surgical procedures, or both at a single large tertiary children's hospital. Patients between the ages of 3 months and 19 years were included in this analysis.
Patients were excluded for the following: missing data (n 5 13), non-orthopedic-related diagnosis (n 5 6), and sibling (n 5 3). Siblings were excluded from the statistical analysis because of concerns regarding a lack of independence within sibling pairs. To minimize the selection bias, we elected to focus on patients undergoing surgery for orthopedic-related conditions. Informed consent/assent was obtained from all patients and their parents before any research procedures were performed.
Demographic and ultrasonographic (US) data were collected from all eligible patients. Demographic variables included diagnostic category, age, sex, handedness, self-reported ethnicity, and self-reported race. The diagnostic category variable was defined as trauma/acquired musculoskeletal condition versus a neuromuscular/syndromic/congenital-related musculoskeletal condition (see Table 1 for a complete list of all diagnoses included in these categories). The US variables were collected during a single examination of both upper extremities . For the sake of consistency, the transducer was positioned so that the vertical line on the transducer was directed toward the radial side of the patient's forearm with the linear transducer starting in the middle of the forearm in a neutral, supine position. The median nerve was used as an anatomic reference while the forearm was dynamically scanned at a frequency of 12 MHz in search of a persistent median artery in the color Doppler mode. On positive detection, the persistent median artery was followed proximally and distally. The US-and clinical examination-related variables included the presence of a median artery (as confirmed by Doppler arterial flow) and persistent median artery regression level. Before the examination, the forearm was divided into 5 levels according to methods described by McCartney et al 16 : elbow crease, distal wrist crease, mid forearm (midway point between elbow crease and distal wrist crease), proximal forearm (between elbow crease and mid forearm level), and distal forearm (between the mid-forearm level and wrist crease). The persistent median artery regression level was defined as the forearm section in which the persistent median artery could no longer be detected.
All US data collection procedures were performed by a single investigator (A.K.N.). Sonograms were captured at each of 4 predefined sections described above ( Figure 1 ). When a persistent median artery was detected, additional images of the origin and regression points were captured ( Figure 2 ). All images were reviewed by an experienced anesthesiologist (G.R.M.) to confirm the presence or absence of a persistent median artery.
Statistical Methods
Due to the collection of data from both limbs, we conducted patient-and limb-level analyses. For the patientlevel analysis, descriptive statistics were used to estimate the patient-specific persistent median artery prevalence rate and summarize the demographics of all patients included in the cohort. The patient-specific persistent median artery prevalence rate was defined as the proportion of patients with a persistent median artery in one or Figure 1 . Forearm data collection points. Before the examination, the forearm was divided into the 5 levels described above. both limbs. v 2 square tests and Fisher exact tests, when appropriate, were used to compare the distribution of the demographic and clinical characteristics among patients with a persistent median artery in one or both limbs compared to patients who did not present with a persistent median artery in either limb.
For the limb-level analysis, a generalized logistic regression analysis was used to estimate the limb-specific persistent median artery prevalence rate. A multivariable generalized logistic regression analysis was also used to test the association between persistent median artery prevalence and age. Based on previous literature as well as the patient-level analysis, race (African American versus non-African American) was included in the multivariable logistic regression analysis. 5, 17 In the limb-level analysis, generalized estimating equations were used to account for correlations due to the inclusion of multiple limbs from the same patient.
Results
Patient-Level Analysis Data were collected from 135 patients (270 limbs). The demographics and clinical characteristics of these patients are displayed in Table 2 . The mean ages 6 SDs of patients with a persistent median artery in one or both limbs and patients without a persistent median artery in either limb were 9.23 6 5.64 and 10.35 6 5.11 years, respectively. The patient-specific prevalence rate was 26.7% (95% confidence interval [CI], 19.2-34.1%). Among these patients (n 5 36), a persistent median artery was present bilaterally in 55.6% (n 5 20), present in the left extremity only in 17.0% (n 5 6), and located in the right extremity only in 29.7% (n 5 10).
Limb-Level Analysis
After adjusting for the inclusion of multiple limbs from the same patient, the limb-specific prevalence rate was 20.7% (95% CI, 15.2%-27.6%). Blood flow was confirmed in 100% of the persistent median arteries. The origins and regression levels of all persistent median arteries are described in Table 3 . In the generalized multivariable logistic regression analysis, age was not significantly associated with the presence of a persistent median artery. After adjusting for race, for every 1-year increase in age, the odds of a persistent median artery decreased by 4.4% (95% CI, 2.5% increase-10.9% decrease; Figure 3 ). After adjusting for age, African Americans were significantly more likely to present with a persistent median artery than non-African Americans (odds ratio, 3.78; 95% CI, 1.25-11.48).
Discussion
The prevalence of persistent median arteries in this cohort of pediatric patients was 1 per every 4 individuals. This estimate represents the proportion of patients who a Crude/unadjusted limb-specific prevalence estimate.
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presented with a persistent median artery in one or both limbs. However, in clinical situations such as unilateral upper extremity surgical procedures, this estimate may not be as relevant as a limb-specific prevalence rate. Therefore, we estimated the limb-specific prevalence rate to be 1 per every 5 limbs. The difference in the patient-and limb-specific rates demonstrates that persistent median arteries are not consistently bilateral in nature. Only 55.6% of patients with a persistent median artery presented with persistent median arteries in both limbs. The persistent median artery prevalence observed in this study was similar to the literature-reported prevalence: namely, studies evaluating palmar-type persistent median arteries (0.9%-50% 5, 6 . However, our study had a much lower prevalence than the estimates of antebrachial-type persistent median arteries (70%-76% 7, 8 . The large variability in persistent median artery prevalence reported in both adult and pediatric studies is likely attributable to differences in the measurement technique, definition of a persistent median artery (inclusion of arteries that do versus do not persist into in the hand), limb-versus individual-specific estimates, as well as racial/ethnic makeup of the study populations. Studies of persistent median arteries have traditionally been restricted to cadavers. Recent technological advances have increased interest in the use of US techniques. The benefit of noninvasive imaging techniques such as US in living patients is that the function of the median artery can be evaluated. In this study, the Doppler mode was used to confirm the presence of arterial blood flow in all persistent median arteries detected during the study period. Therefore, the prevalence of persistent median arteries reported in this study represents the proportion of patients in the pediatric cohort who presented with a patent persistent median artery.
An association between persistent median artery prevalence and race/ethnicity has also been reported. For unknown reasons, the prevalence of persistent median arteries is higher among patients of African descent. 5, 17 Furthermore, among studies of East Asian populations, median arteries have been reported to be more prevalent among patients of Japanese ancestry. 3, 6 The relationship between the presence of a persistent median artery and race was supported by the results of this study. Patients who identified themselves as being African American were significantly more likely to present with a persistent median artery than patients who identified themselves as belonging to a non-African American racial group.
In pediatric populations, the relationship between age and the presence of a persistent median artery is another potentially important factor to consider. It is assumed that the regression of the median artery, beginning after the eighth week of gestation, results in the complete or nearly complete disappearance of the median artery after the maturation of the radial and ulnar arteries. [1] [2] [3] [4] However, some evidence suggests that the median artery may continue to regress during development.
1,2,4,9 Therefore, we also aimed to test the association between age and the presence of a persistent median artery. Although not statistically significant, increasing age tended to be inversely associated with the presence of a persistent median artery. For every 1-year increase in age, the likelihood of presenting with a persistent median artery decreased by 4%.
The absence of a strong association between age and the presence of a persistent median artery may have been due to the inclusion of all median arteries as a single group. In previous literature, authors have made the distinction between palmar (persists into the palm and joins the superficial palmar arch or the common digital arteries to supply blood to the digits of the hand) and antebrachial (regresses in the mid forearm, terminating proximal to the wrist within the median nerve sheath) persistent median arteries. 3, 8, 9 It is possible that the increased prevalence of median arteries reported in this as well other pediatric studies may have been due to the identification of smaller antebrachial median arteries, which may not be as discernible later in life when the forearm achieves its adult length. In partial support of this notion, among median arteries that regressed proximal to the wrist crease, the median age of patients with median arteries that were observed to regress between the elbow crease and midpoint of the forearm (6 years) tended to be younger than the median age of patients with median arteries that regressed between the midpoint of the forearm and wrist crease (11 years). However, as we did not trace median arteries past the distal wrist crease, it was not possible to conclusively differentiate antebrachial-from palmar-type persistent median arteries in this study. Future longitudinal studies are needed to better understand median artery postnatal regression patterns as well as their potential clinical implications.
Strengths and Limitations
To our knowledge, this work was the largest study of persistent median artery prevalence in a pediatric population. On identification, the Doppler detection mode was used to confirm the presence of arterial flow. In contrast to previous cadaveric-based studies, our study provides an estimate of the prevalence of patent median arteries in a pediatric population.
There were several limitations to this study. We used a cross-sectional study design to examine the association between age and the presence of a persistent median artery. Additional research is needed to elucidate the mechanism of median artery regression. Longitudinal studies are needed to better understand the relationship between persistent median artery prevalence and age. The underlying diagnoses and clinical characteristics of the patients included in the study population were very diverse. We elected to focus elected to focus on patients undergoing surgery for orthopedic-related conditions. As a result, the study results are only generalizable to the typical patient population that a pediatric orthopedic surgeon is likely to treat in his or her practice. Finally, we did not distinguish between palmar and antebrachial persistent median artery types.
Clinical Implications
The anatomic position of a persistent median artery highlights its clinical relevance to several pathologic conditions. Multiple studies have confirmed that an enlarged, thrombosed, or calcified persistent median artery contributes to the etiology of carpal tunnel syndrome. [10] [11] [12] Proximal median nerve neuropathies have been noted in cases in which the median artery perforates or splits the median nerve. 13 The presence of the median artery has also been shown to contribute to entrapment neuropathies, including pronator teres syndrome 14 and anterior interosseous nerve syndrome. 15 Persistent median artery prevalence also has important implications for invasive hand-and upper extremityrelated procedures (Figure 4) . During reconstructive surgery, persistent median arteries have been reported to complicate forearm flap procedures, leading the authors to conclude that the presence of a persistent median artery should be considered during preoperative surgical planning. 18, 19 In the case of trauma, the potential role of the median artery in providing circulatory support should be considered. Muratore and Ozer 20 described a case of an 18-month-old female patient who had a complete transection of the radial and ulnar arteries. On the basis of Doppler signals observed during surgery, the authors reported that the viability of the hand was most likely preserved by an intact persistent median artery. Furthermore, during surgical dissection of the distal upper extremity, the surgeon should be cognizant of the fact that additional anatomic variants, such as multiple median nerves and a high bifurcation of the median nerve, often accompany the presence of a persistent median artery. 13, 21 Similarly, careful attention should be given to the presence of a persistent median artery during peripheral nerve blocks. If ignored, accidental injury to the persistent median artery, secondary to iatrogenic hematoma, may be possible. This study confirms that US can be successfully used to detect the presence of a persistent median artery. Ultrasonography represents a noninvasive modality that can be used to consistently and accurately visualize the complex anatomy of the forearm. 16 Based on the high prevalence of patent persistent median arteries observed in this study, the use of US before pediatric hand and upper extremity medical procedures should be considered to better understand existing arterial anatomic variants and, thus, to augment existing preprocedural planning strategies.
